Parthenium is referred to as a Weed of National Significance (Commonwealth of Australia and the National Weeds Strategy Executive Committee, 2000) , while in India it is known to be one of the most serious weeds in terms of its potential to replace other plant species.
Description
Parthenium weed is an annual herb with a tendency to be perennial, normally attaining a height of 1 m but sometimes reaching up to 2 m under favourable conditions (rainy season). It is an erect plant with a deeply penetrating root system and with an angular, grooved and profusely branched stem bearing dissected pale green leaves that resemble carrot leaves during initial growth.
The leaves are pinnately and irregularly dissected and pubescent on both sides. The stem is also pubescent and covered by hairy structures known as trichomes. Four different kinds of trichomes observed on the upper and lower leaf surfaces carry great taxonomic significance for the recognition of different species of the genus Parthenium (Sahu, 1982) . Trichomes are considered as storehouses for toxic chemicals found in the weed such as parthenin (a sesquiterpene lactone). The flowers are creamy-whitish and are arranged in capitula. Pollen grains are produced in clusters and are anemophilous. Typically three types of pollen grains, i.e. colporate, oblate-spheroidal and spinulose, have been reported (Agashe and Vinay, 1975) . The weed prolifically produces wedgeshaped seeds that are small, dark brown to black, bearing two thin, white scales.
A single plant can produce around 15,000 seeds (even up to 100,000) that are disseminated by wind, water and also through transport (Haseler, 1976) . The seed bank of the plant is also huge, seeds can remain viable for long periods and about 50% of the seed bank remains viable for 6 years (Navie et al., 1998 setting. Although the weed grows throughout the year, however, its incidence is less during the winter ( Fig. 2.1 ).
Ecological and Biological Features
The weed can grow under a wide range of environmental conditions. Soil moisture, however, seems to be the only limiting factor for its germination and growth. The ideal conditions for growth are high moisture content, high humidity and temperature around 25°C. The weed can survive under both a very low temperature of -2°C and at the high temperatures of arid zones (Nunez and Mata, 1976; Williams and Groves, 1980) . It can grow under a wide range of soil pH, varying from 2.5 to 10.0, though the optimum pH for growth is 5.5-7.0 (Challa, 1987) . The plant also has the ability to tolerate high salt-stress conditions (Hegde and Patil, 1982) . Under water-stressed Parthenium Seasonal growth cycle lPittc% i&ist*
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Seed-setting phase Vegetative phase ********** *** k********** conditions, the plant remains in a rosette state and bolting occurs with the onset of the rains/availability of moisture. Furthermore, it has an amazing ability to regenerate quickly from the root stumps/parts (even petiole or midrib) remaining in the soil. The weed can grow and produce seeds throughout the year if moisture is sufficient, as it is a day-neutral plant. Being a C3 type of plant, Parthenium has a tendency to become a C4 (Hegde and Patil, 1982; Patil and Hegde, 1983 ).
Pathways of Invasion and Invasiveness
Parthenium seems to have entered other countries via contaminated cereal grains or pasture seeds imported from the USA (GISD, 2010) . Its entry into the Indian subcontinent is controversial. In
India it was first observed in 1951 as a stray plant on the outskirts of Puna, and was identified by R.S. Rao in 1956 (Rao, 1956 indicates that Parthenium entered India accidentally in 1810 (Paul, 2010) . In all likelihood, the weed remained dormant for a long time until described by Rao in 1956 . After this the weed spread to various parts of India and colonized there. By 1963 the weed had spread to the entire state of Jammu and Kashmir (Hakoo, 1963) , and had completely naturalized in the union territory of Delhi by 1969 (Vaid and Naithani, 1970) . It is now found almost throughout India up to an altitude of about 1600 m soil quality (Kohli and Rani, 1994) . In agricultural fields the weed depletes soil nutrients and releases toxic substances into the soil that affect the emergence, early growth and development of crops and associated species. However, the longer viability of the seeds allows these to thrive 
Allelopathic Potential
Parthenium is known to be a potential allelopathic plant, which is evident from its ability to dominate vegetation. A number of studies have established the allelopathic potential of this weed (Kanchan and Jyachandra 1979a, b, 1980a, b; Mersie and Singh, 1987; Koh li and Batish, 1994 , Batish et al., 2002b , Singh et al., 2005a . Various water-soluble allelochemicals such as phenolics and sequiterpene lactones from the plant have been identified as putative allelochemicals (Kanchan, 1975) ; even the pollen is allelopathic in nature. Artificially pollen clusters dusted on the stigmatic surface of Crotalaria pellida and Desmodium heteracarpon reduced their fruit setting and, on the leaves, reduced chlorophyll content (Kanchan and Jayachandra, 1980c) .
Residues of Parthenium in soil not only reduce crop growth but also affect soil chemistry (Batish et al., 2002b (Nath, 1981) . This, in turn, disturbs the food chain and alters the trophic structure resulting in ecological imbalance in the area. Even soil fertility is affected as the weed is known to interfere with soil nutrients due to its allelopathic nature (Batish et al., 2002b) . The huge monoculture strands of the weed prevent the growth of native vegetation leading to loss of species diversity, as indicated by various ecological indices such as Shannon's, dominance and richness (Arora, 1999) .
Agricultural
Though a weed of unattended land, Parthenium poses operational hazards in agricultural fields leading to loss of yield in rice, maize, sugarcane, pea, castor, sunflower, brinjal, coconut and orchards of mango, grapes and guava (Krishnamurthy et al., 1975) . Besides, the weed releases toxic substances into the soil of agricultural fields causing food and fodder scarcity. Various studies have shown that different parts of the weed reduce both the growth and yield of agricultural crops by releasing into the soil water-soluble phenolics and sesquiterpene lactones such as parthenin (Kanchan and Jayachandra, 1979a, b, 1980a, b) .
Germination and yield of pulse crops such as black gram (Phaseolus mungo), green gram (Phaseolus aureus) and guar (Cyamopsis tetragonoloba) were considerably reduced in soil previously infested with Parthenium (Kohli and Batish, 1994 
Health
Parthenium is known to cause a number of health problems in both humans and livestock. In humans it causes diseases such as allergenic eczematous contact dermatitis (AECD), rhinitis and asthma (Lonkar et al., 1974; Rao et al., 1985) . The disease AECD is caused by prolonged skin contact with Parthenium, and moving away from this weed is the only solution. Rhinitis and asthma on the other hand are caused by inhalation of pollens or even trichomes during breathing, as these remain suspended in the air (Towers and Subba Rao, 1992) . Parthenin found in trichomes has also been implicated as a health-hazardous compound owing to the presence of a cyclopentenene group that causes chromosomal damage, uncouples phosphorylation and inhibits cellular enzyme activity (Evans, 1997) . A study conducted in Punjab (North India) shows that most bronchial asthmatic patients were sensitive to Parthenium (Suresh et al., 1994) . Animals feeding on Parthenium produce tainted milk due to the presence of parthenin, which causes Indian childhood cirrhosis (ICC) (Evans, 1997) . Parthenium is also very toxic to livestock and other animals, causing acute to chronic toxicity; symptoms may appear as ulceration, nausea, loss of appetite or restlessness and can even prove fatal (Narasimhan et al., 1980 (Narasimhan et al., ,1985 Kadhane et al., 1992) . Normally the weed is unpalatable to livestock, but in the absence of fodder they have no option but to consume it and suffer later from its toxicity.
Economic Importance
Parthenium, when exploited by suitable means and technology, can prove to be a useful asset. In contrast to the various health hazards enlisted above, the plant has been utilized in the past as a cure for several diseases. The people of the West Indies have been using the weed as a remedy against various afflictions such as ulcerated sores, certain skin diseases, facial neuralgia, fever and anaemia (Amy, 1897) . The chemical constituents of the weed have also been used as an insecticide and for curing skin diseases such as psoriasis (Kohli and Rani, 1994) .
Furthermore, the properties of the weed in stimulating menstrual function and reducing fever and neuralgic pain have also been described. Zutshi et al. (1975) Parthenin is biologically very active; its antiamoebic activity against axenic and polyxenic cultures of Entamoeba histolytica is claimed to be comparable to that of metronidazole, a standard drug prescribed for treatment of intestinal amoebic parasites (Sharma and Bhutani, 1988) . Its anti-malarial activity has been found effective against Plasmodium falciparum (Hooper et al., 1990) , and it also possesses herbicidal and pesticidal properties (Batish et al., 1997; Datta and Saxena, 2001; Batish et al., 2002a) .
Aqueous extracts of pollen grains exhibited antifungal activity by inhibiting sporangial germination and zoospore motility in Sclerospora graminicola infesting Pennisetum typhoides (Char and Bhat, 1975) .
Parthenium served as an indicator of aerial lead pollution in Caracas (Venezuela), along with Eleusine indica and Tillamdsia ecurvata (Tuges and Lois, 1976) . Presumably the weed prefers a lead-rich environment and aids in removing lead from the air. The weed exhibits larvicidal properties against the root-knot nematode Neloidogyne incognita (Rao et al., 1986 ). The weed not only had a negative influence on egg hatching but also caused significant destruction of the larvae.
Control Measures
Management of Parthenium is a challenge The weed occupies a huge area that is difficult to control.
At any given time the weed occurs in several life forms, such as young seedlings, mature plants with seeds, plants in vegetative stage, etc. As already mentioned, it is a prolific seed producer and the seeds are normally wind and water disseminated, so it is difficult to check their spread to distant areas. It is adaptable to diverse environmental conditions. It causes allergic reactions in humans and hence no one is willing either to uproot it or to apply any other means of control.
The various methods employed to manage Parthenium, such as physical, chemical, biological and cultural, will now be described.
Physical methods
Techniques such as uprooting by hand, the use of harvesting or shrub-masters and physical cutting have been employed. These are applicable to small areas and should be carried out prior to the flowering stage.
Manual uprooting is generally avoided or recommended only with precautions, due to the plants allergenic properties. Burning is another physical control method used in many places, but the burnt residues left in the fields compromise soil quality and therefore this technique is not recommended (Singh et al., 2003) .
Chemical methods
Control by this option is both effective and economical compared with other methods, but there are potential environmental risks including ill-effects on human health, and this option should therefore be used cautiously. The use of natural plant products is another option as these are biodegradable, environmentally safe, efficacious and economical. Singh et al. (2005b) reported that volatile essential oil from lemon-scented eucalyptus (Eucalyptus citriodora) possesses good potential for the control of Parthenium.
Biological methods
In several countries, such as India, Australia and Ethiopia, this approach has been extensively tried for the control of Parthenium (Dhileepan, 2009) . Among various biological agents used, the Mexican beetle (Zygogramma bicolorata) and selected fungal-based mycoherbicides have been trialled for this purpose (Evans, 1997) , although with limited success. Another strategy used for the control of Parthenium is to replace this species with other, competitively superior, species such as Cassia spp. (Joshi, 1991) . However, the success rate is very limited in this strategy, and in fact there is no single method currently available for the control of Parthenium. An integrated approach involving different management options could, however, be successful, although it should be based on ecological principles. 
